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Abstract 
This paper describes an electric field sensor 
which can control optical bias angle and improve 
the temperature drift of the sensitivity. The op­
tical bias angle is controlled by applying a suit­
able stress to the LiNb03 substrate, and the tem­
perature drift is reduced by inserting a Si semi­
conductor layer between the electrode and the 
Si02 buffer layer. The optical bias angle can be 
changed from 40[deg.] to 90[deg.], and tempera­
ture drift of the insertoin loss is within 2[dB] over 
a temperature range from O[deg.] to 40[deg.J. 
Introduction 
Recent progress in EMC measurement has cre­
ated a need for a new electric field sensor which 
is small enough to measure the electric field close 
to the measurement equipment and is wideband 
enogh to measure the electromagnetic impulses. 
Many electric field sensors using optical technol­
ogy have been developed to measure the electric 
field accurately because an optical fiber does not 
influence the electric field distributions. An elec­
tric field sensor using an optical modulator is use­
ful for EMC measurement because it can oper­
ate over a wide frequency range without needing 
a battery. A sensor using a bulk crystal opti­
cal modulator[l] and one using a Mach-Zehnder 
interferometer[2] have been developed. At an elec­
tric field sensor using Mach-Zehnder interferome­
ter, the minimum detectable electric field strength 











Fig. 1 Configuration of the conventional electric 
field sensor using Mach-Zehnder interferometer 
lOO[Hz] to l[GHz]. However, the temperature 
drift needs to be improved and an method of op­
tical bias angle control has not been clarified. 
This paper describes an optical-bias-controlled 
and temperature-stabilized electric field sensor us­
ing a Mach-Zehnder interferometer. 
Configuration 
Conventional sensor 
Figure 1 shows that the configuration of the 
conventional electric field sensor using Mach­
Zehnder interferometer, which is formed by Ti dif­
fusion on a 40[mm] x lO[mm] x 0.5[mm] LiNb03 
substrate. The sensor consists of an optical 
source, a pair of optical fibers, an optical modula­
tor, sensor elements, and a photo-detector. When 
19P602 
an electric field is applied to the sensor elements, 
a voltage is induced across the gap of the opti­
cal rnodula,tor. The incident optical power at the 
optical modnlat�r is modulated by this voltage. 
The applied electric field strength is obtained by 
measuring the modulated optical signal level. 
This sensor has two aclvantages:It minimizes 
the disturbance to the electric field because it 
is constructed from nonmetallic materials except 
for the sensor elements, therefore, it can ob­
tain the electric field strength precisely. It can 
operate over a wide frequency range because a 
fvfach-Zehnder interferometer operates from DC
to 4[GH zl[3]. 
·when a voltage lr,11 is applied to the interfer-
ometer, the output optical power is by 
} (1) 
where and lout are input and optical powers at the interferometer, is the half wave 
voltage, and cp is the··  bias The opti-
cal angle is the phase difference the 
optical vvaves propagating into the two arms of 
the interferometer. This angle should be tuned to 
obtain the and linearity. 
Figure 2 shows a relationship between the opti­
the electrode voltage. Under ordi­
nary conditions, the relationship is re'Pn2sEmt.en 
the dotted line in Fig. 2. The angle 
is about O[deg.J because the phase difference be­
tween the arms is almost the arms are 
the alrnost same length. To obtain the best sen­
sitivity and linearity, the relationship should be 
shifted the dotted line to the solid line in Fig. 2. 
This condition corresponds to an optical bias an­
gle of 90[cleg.], which is obtained equation (1). 
When the optical bias angle is tuned to 90[deg.] 
and Vir � equation (1) becomes 
_I;,,f 7r 71 lout - 2 l l + Vir \,mf (2) 
However, a method of tuning the optical bias 
angle has not clarified and temperature stability 
should beimproved. 
New electric field sensor 
A configuration of new electric field sensor us-
Optical output power 
Optical bias not.tuned�/
Optical bias /tuned 
Fig. 2 Optical output power vesus the 
760 
Fixture 
ing Mach-Zehnder interferometer is 
Fig. 3. T'he new sensor uses 
terferorneter which is formed 
a X 1 
The new sensor consists of HL•CC�·,.L La�iu,·.�·-" 
ometer with 
a screw. 
The optical bias is usually 
plying a voltage between the two 
However it is difficult. to apply the DC v 
with this sensor because if DC 
this sensor, it must contain a power 
Instead, a stress is applied to the 
strate in order to change the electro-optica. 
stant the photoelastic effect. The stress 
plied using the screw in Fig. 3. This 
phase difference between the two arms, so 
tical bias angle can be tuned. 
The sensitivity of the sensor drifts due to vari­
ations in temperature. The temperature drift of 
the interferometer has been studied and mecha­
nisms have been explained[4]. The mechanisms 
and solution to this problem are illustrated in Fig. 
4. The optical modulator consists of a LiNb03 
substrate, Si02 layer, and electrode as shown
Fig.4 (a). When the temperature changes, electric
charges appear on the surface of the substrate due
to the pyroelectricity. These electric charges accu­
mulate on the electrode by electrostatic induction.
As a result, an electric field appears in the optical
waveguide due to the charge discontinuity on the
upper Si02 surface because the electrodes do not
cover the whole surface. Temperature drift is a
serious problem in an electric field sensor because
the electrodes are usually unterminated and the
sensor elements integrate charges in a surround­
ing. One way to improve the temperature drift is
shown in Fig. 4 (b). A Si semiconducting coat is
inserted between the electrode and the Si02 layer
to make the charge uniformity and to discharge
accumulated charge on the electrode.
Characteristics 
The optical bias angle and the temperature 
drift of the sensor were measured to confirm the 
sensor performance. The optical output against 
the applied voltage is shown in Fig. 5. A lO[kH z] 
triangular wave was applied directly to the elec­
trode of the sensor. The optical bias angle can be 
obtained from the maximum and minimum out­
put levels and the level when the applied voltage 
is zero. When no stress is applied to the LiNb03 , 
the angle is about 40[deg.]. The bias angle can be 
tuned to 90[deg] by applying a suitable stress, as 
shown in Fig. 5. 
The relationship between the optical bias angle 
and sensitivity is shown in Fig. 6. When a suit­
able stress is applied to LiNb03 substrate by the 
screw, the optical bias angle and sensitivity are 
changed. This figure shows that when the optical 
bias is tuned to about 90[deg.], the sensitivity of 
the sensor is improved by about 6[dB]. 
The temperature drift of the sensor is shown in 
Figs. 7( a) and (b). Since the temperature drift of 











Fig. 4(b) Solution preventing the temperature drift. 
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Fig. 7(a) 'optical output power deviation of the electric 
.. field sensor without fli coat 
cal pow�i: outptit}the tep:iperature .dependence of 
the optical otftput powe:r is mea�11r,fcl)lfut1e·sensor 
• . ", ':i::"-i,"" ,,,', .-:�·· -r was mstalled in a chamber,;rher�·tlie temperature 
wa,S cJ;i.a,11,ged over the range from O to 40[deg.] dur­
ing a 500 minute,cycle. The optical power output 
of the sensor was measured using an op'tical power 
rrieter: 
Figure 7(arrsho,vs t.he temperature dependence 
of the outptJt opticak power when .. the inte'rferom-
r ·v _ • •  , ••• • 
-- '- ; 
eter was not coated with a Si semiconductor. In
this figure, the deviation is about 25[dB] from 
O[deg.] to 49.[cleg.J. 
Figure 7(b) shows 'the temperature st.abiliza­
tion provided by effect· of Si �oat on the sens�r. 
The optical power devia;tion is less than 2[dB] 
from O[deg.J. to.40[deg.t. .. ,. 
Conclusions 
. 
� ,  -/ , . ' '  ' . . - ' 
An electric field sens�r with a tunable optical 
bias angle arid lew:t;ymperature µrift has been de­
veloped. The opti��"iJ:>ias angl:e co{1ld be tuned 
from 40[deQ.] u;;,��;[i�9'1 9Y- applying a suitable 
stress to th� LiNb03J{l;uB�yate. The sensitivity 
was improved by about"�[4BL 
?ff �. -
The temJper,atµre dr;ift wg:si�p:roved by insert­
ing Si semiconductor laye)' bet�eert: the electrode 
and Si02 b11ffer lc;1,i,�r-"J'h� temperature drift was 




.... -. T 
t 
ai' 15 ........ •••••
•••••
• ······-•• ( emperatur·
,
;,:






•• - i 
..................... .. ..� 
·i -5
o 
-15 Optical output 
100 200 300 
Time [sec] 
Fig. 7(b) Optical output power deviation of' 
field sensor with Si coat 
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